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1.  INTRODUCTION 

Tlie  maximum  energy  production  in  photosynthesis  do- 
t ermines  its  potentialities  ac  an  energy  storing  process. 

The  concrete  value  of  the  energy  production  that  is  measured 
depends  on  a.  whole  series  of  external  and  internal  factors. 
The  combination  of  external  conditions  (light,  temperature, 
COp,  concentration)  that  arc  best  for  energy  production  or 
efficiency  has  been  explained  to  a  considerable  extent. 
However,  1 1 1  e  connection  between  a  plant's  energy  efficiency 
and  its  internal  states  and  especially  the  particular  struc¬ 
tural  characteristics  of  its  photosyntheti c  apparatus  arc 
far  Jess  J'nov.Tt e 

Undoubtedly,  the  structure  of  tho  photosynthetic 
apparatus  varies  according  to  the  degree  of  cell  development 
in  the  photosynthesizing  organs.  The  efficiency  of  its 
operation  consequently  changes  accordingly.  PJnnt  plioto- 
r.ynthc  ring  cffici  cncy  nay  thus  depend  on  the  age  of  the 
photosynthesi  y-J  ng  cells.  An  investigation  of  thin  relation¬ 
ship  is,  the  purpo so  of  this  work. 
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It  has  become  possible  to  perforin  such  research  duo 
to  the  development  of  the  techniquo  of  growing  synchronous 
cultures  of  unicellular  photocynthesizing  algae* 

There  arc  several  works  covering  the  study  of  tho 
intensity  of  photosynthesis  in  relation  to  tho  developmental 
phase  of  synchronous  cultures  of  unicellular  algae  (1-5). 
However,  the  data  of  these  works  are  conflicting  and  it  is 
difficult  to  compare  them  with  one  another.  This  may  be 
explained  by  the  fact  that  tho  numerical  expression  of  "photo- 
synthetic  activity"  depends  upon  the  selection  of  values 
(dry  weight,  chlorophyll  content,  cell  number,  etc.)  that  re¬ 
present  thi3  activity.  But  these  values  themselves  change 
as  the  culture  grows.  Such  indeterminacy  may  be  avoided 
if  tho  efficiency  of  photosynthesis  is  expressed  by  the 
quantum  or  energy  yield.  These  values  characterize  tho 
efficiency  of  utilization  of  each  quantum  absorbed  and  are 
consequently  of  the  highest  interest  from  the  viewpoint  of 
studying  the  mechanism  that  regulates  the  storage  of  light 
energy  during  photosynthesis. 

In  view  of  the  fact  that  a  certain  discrepancy  may  as 
a  rule  occur  between  gas  exchange  and  energy  exchange,  plant 
energetics  should  he  studied  by  methods  which  investigate 
energy  directly  (6). 


A  study  has  been  mode  in  this  work  of  tho  dependence 
of  photosynthet i c  energy  yield  on  the  phase  of  coll  develop¬ 
ment.  The  energy  efficiency  £  denotes  the  ratio  of  the 
amount  of  energy  stored  during  photosynthesis  for  a.  certain 
period  of  time  to  the  amount  of  energy  absorbed  by  the  plant 
during  this  time.  Ordinarily,  one  of  the  main  difficulties 
in  the  experimental  determination  of  £  is  the  complexity  of 
measuring  tac  absorbed  energy  flow.  This  circumstance  makes 
it  hard  to  take  a  large  number  of  measurements,  which  arc 
absolutely  essential  in  experiments  of  this  typo,  and  hence 
due  to  the  inconstancy  of  the  properties  of  the  subject 
being  studied  and  its  sensitivity  to  many  factors  there  is 
a  large  scattering  of  experimental  data. 
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For  this  reason,  it  would  be  very  convenient  to  pre¬ 
sent  a  metnod  for  conducting  such  tests,  wnlch  has  been 
worked  out  by  one  of  the  authors  of  this  article.  The  method  * 

allows  a  direct  determination  of  the  energy  efficiency  with¬ 
out  special  measurement  of  the  flow  of  absorbed  radiation 
(7). 
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2.  METHOD 


The  method  referrod  to  (tenperaturo  curve)  will 
consist  of  tho  following.  The  temperature  of  an  algae 
suspension  is  measured  under  different  light  intensities. 

It  may  be  shown  that  nt  light  intensities  that  correspond  to 
a  linear  ceg.innt  of  tho  photosynthesis  light  curve,  tho  energy 
efficiency  C  is.  determined 


‘2<r« 


(1) 


v.'hero \o  tho  angle  of  inclination  of  tho  light  ce.rvo 
at  low  light  intensities  (corresponding  to  the  linear  part 
of  tho  photosynthesis  light  curvo)  and  C^o  is  the  angle  of 
inclination  of  tho  temperature  curve  at  high  light  inten- 
cities  that  correspond  to  photosynthesis  saturation  (for 
details  of  the  method  see  v’orli  (7))e 


The  c;rpc;\iiuenta  1  subject  v:no  a  thermophilic  strain 
of  uni  cellular  green  algno  Chlorcl.ln  pyr.Pringsh*  82  V.  Tho 
initial  synchronous  culture  was  gotton  by  natural  c edinon- 
taion  (8), 


The  autosporos  obtainod  by  this  method  vero  trans¬ 
planted  from  time  to  time  to  a  fresh  cultural  medium,  on 
vhich  the  cells  spent  2-J  subsequent  cycles  of  synchronous 
development  under  conditions  optimum  for  tho  given  strain: 
light  intensity  v?ns  10  000  It'-:,  the  culture  chamber  tempera¬ 
ture  vac  *  air  mined  v:ith  0.CG-0.15S  CO^  von  blovn  in, 

end  the  light  to  darkness  ratio  var.  7. 1?  ..hours .  The  initial 
nutoepore  density  was  appro;:.  5  •  10°  cn  . 

It  was  rhovm  i'\  (9,  10)  that  tho  first  synchronous 
dcvclojjnrnt  cycle  of  a  culture  on  fresh  medium  is  not 
characteristic  for  the  given  strain  and  always  varies  nome- 
v.hnt  from  all  subsequent  cycles  of  synchronous  development, 
lienee,  tho  colls  require  some  time  to  adapt  to  the  fresh 
nodit-  "...  Consequently,  after  the  autosporos  vero  transplan¬ 
ted  to  a  fresh  cultu.“c,  the  colls  passed,  through  one  cyclo 
of  synchronous  development  in  this  medium  before  the  bo- 
ginning  of  the  experiment.  Tho  experiments  voro  tUereforo 
carried,  out  in  tho  second  and.  subsequent  cycles  of  syr.- 
chuoj;ous  e’eve  lop’".nt. 

Tho  culture  i:nn  not  dr.rkened  for  7  hours  of  develop¬ 
ment  during  the  cxpci'iijcnts  to  ricaor.ro  C  *  although  it  i  ns 
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continuously  iUiuninatod  up  to  the  production  of  new  auto- 
sporos.  Ur.dor  these  circumstances  tho  production  of  auto- 
opores  fro m  maternal  colls  sot  in  in  about  10  hours  after 
the  beginning  of  illurjination  of  the  initial  autospores . 

The  multiplication  factor,  i.o.  tho  average  number  of  auto¬ 
spores  forming  in  the  medium  from  a  single  maternal  cell 
was  appro::*  20. 

To  determine  tho  photooy.ithetic  onergy  efficiency 
out  of  the  culture  chamber,  samples  ranging  in  si:so  from 
3-15  ml  of  suspension  were  taken  in  relation  to  their  op¬ 
tical  density  which  increased  in  proposition  to  the  growth  of 
the  culture. 

The  suspension  scloctod  to  measure  6  was  centrifuged 
at  a  rate  of  2000  revolutions  per  minute  for  10  minutes*, 

The  cells  were  thon  resuspended  in  a  Warburg  9  buffer 
solution,  whereupon  the  cell  density  following  centrifuging 
was  chosen  so  that  tho  absorption  factor  for  the  suspension 
was  identical  for  all  tents.  Thin  was  achieved  by  a 
specially  mndo  photoelectric  densitometer  composed  of  a 
silicon  photoelectric  coll  with  a  large  surface.  The  photo¬ 
cell  registered  c  large  part  of  tho  light  that  was  not  ab¬ 
sorbed  by  the  suspense on, placod  in  a  glacs  cup  having  tho 
same  foru  and  size  as  a  photocaiorincter .  The  absorption 
factor  of  the  suspension  was  appro::.  5^/^e 

Approximately  t-0  minutes  parsed  from  the  time  tho 
suspension  was  removed  from  the  culture  chamber  to  tho  bo- 
ginning  of  tho  £  determination  experiments  (the  measurements 
themselves  took  appro::.  30  minutes).  Consequently,  come 
phase  displacement  tool:  place  in  coll  development  at  se¬ 
lection  and  upon  measurement ,  As  centrifuge. tie'  rnd  ad¬ 
justment  of  the  cell  absorption  factor  occurred  in  darkness 
or  in  weak  light,  this  shift  was  small  in  comparison  with 
what  occurred  in  tho  culture  chamber  which  was  subjected  to 
strong  emission,,  This  shift  was  evidently  larger  in  the 
later  stages  of  the  developmental  cycle,  where  the  cells 
can  also  develop  without  light.  He  did  not  determine  the 
amount  of  shift,  and  thcrcfoi-c  always  further  on  give  the 
time  which  passed  from  the  beginning  of  illr.”irating  tho 
autospores  to  tho  time  the  cells  wore  moved  from  tho  cham¬ 
ber. 

After  each  select?  or.  a  part  of  the  colls  were  c::- 
nmined  under  the  microscope .Morphological,  changes  in  the 
cells  resembled  those  which  were  earlier  observed  from  tho 
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some  strain  (ll).  There  occurred  merely  some  prolongation 
of  the  general  developmental  period  of  the  culture  for  about 
one  hour,  probably  caused  by  the  application  in  our  experi¬ 
ments  of  somewhat  lower  light  intensity  (3.0,000  lux  instead 
of  18,000)  and  lower  temperature  (3&0  instead  of  40“), 

In  the  first  series  of  experiments  the  energy  effi¬ 
ciency  was  determined  by  3.ight  intensities  lying  within  the 
range  from  200  to  3.700  erg/cri'Vsec .  In  four  tests  measure¬ 
ments  were  taken  for  a  whole  cycle  of  development,  i.c, 
up  to  the  moment  of  producing  all  autospores  from  the  parent 
cells,  which  occurred  in  l4  hours  after  the  beginning  of 
illumination  of  the  autosjjores.  A  large  number  of  short 
tests  were  run  on  a  0,  2,  ‘i ,  6  hour  cchcdulo  after  tho 
beginning  of  illumination  of  the  autospores,  i.c.  for  a 
period  of  6  hours.  This  series  of  tests  was  run  to  determine 
the  specific  course  of G during  the  first  stages  of  development 
In  all  those  tests  tne  light  used  for  measurements  in  tho 
photoca3 crimctor  were  produced  by  an  incandescent  lamp  and  a 
system  of  light  filters  made  of  a  water  solution  of  CuSO 4, 
as  well  as  f- and  Z’lJSG  gia  s  filters. 

In  a  second  series  of  tests  measurements  were  made 
in  light  intensities  ranging  from  1700  to  3000  erg/cia/sec , 
i.c.  at  light  intensities  that  exceed  compensation.  In  these 
tests  incandescent  lamp  light  was  passed  through  a  water 
solution  of  CuSO 4  and  SJSI^  and  RSG  glass  filters,,  The 
spectral  composition  of  the  light  consequently  differed 
somewhat  from  the  light  composition  used  in  the  first  ex¬ 
pert  a:  ents, 

Exrsn i::;’xtal  nc s ults 

The  results  of  the  four  tests  covering  a  vholo 
cycle  of  development  arc  shown  in  the  Figui’e, 

Ac  shown  by  the  Figure,  the  curves  displaying  the 
relation  of  £  to  tho  stage  of  development  had  the  following 
general  characteristics:  1)  a  sharp  drop  in  C  after  3.-3 
lours  of  illumination  in  comparison  with  the  value  of  E. 
for  autosporec;  2)  an  increase  in  £  for  subsequent  cell 
development;  3)  the  occurrcnco  of  a  number  of  less  sharply 
pronounced  maxima  and  minima » 

The  loir  Minimum  observed  during  the  first  hours 
of  illumination  in  most  interesting.  This  minimum  was  also 
investigated  in  the  short  test  series  (maximum  illumination 
tine-  v'.r;  C  hours ) .  A  drop  was  coon  In  3J.  cases  out  of  13- 


Dependence  of  the  energy  efficiency  oC 
photosynthesis  on  cell  develop:. icnt  otajo 
in  n  synchronous  Chlorclla  cultui'o 

Abscissa  -  cutoaporo  illumination  timo  ; 
ordinate  -  one rgy  efficiency 

1  -  tirr.O,  hours 


We  tentatively  thinlt  that  a  drop  tehee  piece  in  eases  were 
the  absolute  value  of  £  wes  less  than  nearby  values  by  at 
the  most  5$$,  v.-hich  with  a  15/5  average  value  of  t in  the  auto- 
spores  means  a  335$  •  yield  •  in  the  rclr.tivo  value  of  £  . 


It  is  possible  that  the 


negative  values  of 


that  were  ob¬ 
served  arc  real.  The  negative  values  of  C  mean  that  :.7i  the 
selected  area  of  light  intensity  photo-induced  exo crgor.i c 
nroccssps .  occur  with  greater  intensity  than  photo-inducccl 
process  co1  %  or  roughly:  photorospiration  is  .more  intensive 
than  photosynthesis) 0 


Various  experimental  controls  were 
the  occurrence  of  the  observed  drop. 


uo  to  explain 


experiments  of  two  types  were  mado.  In  the  first 
series  of  controls  run  on  the  same  2-hour  schedule  a  dc~ 
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J.t  was  shorn  that  on  the  average  (running  four 
measurements  per  one  test dif f er cd  from  zero  by  a  total  of 
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2-Jm,  a 3  though  in  individual  taeasur enients  rather  largo 
discrcpanci  cr  were  soiso times  obtained  and  in  nine  cases  out 
of  the  torn.!  22  tests,  the  "effect"  was  observed,  i.c.  the 
difference  in  of f i cicncics  was  over  In  12  tests  this 

effect  did  not  occur  and  in  011c  ease  the  opposite  effect  was 
observed  . 

Therefore,  at  the  same  time  ns  in  the  algae  culture 
tests  a  drop  was  observed  in  3.1/3.3=85/5  of  the  case3,  in  tests 
wit  1)  the  liquid  it  was  obeervod  in  a  total  of  9/22  =  /;0r  of  the 
cases.  Moreover,  the  absolute  aniount  of  the  drop,  i.o, 

$1  -  £2  and  e.r,  -  £2  (tho  subscript  indicates  the  number  of 
the  test;  the  first  measure  refers  to  the  autospores),  was 
noted  to  be  higher  in  experiments  with  algae  and  ordinarily 
10--3.f>/',  whereas  in  the  tests  using  inactive  liquids  it  was 
in  the  order  of  5/j. 

Ve  are  consequently  inclined  to  think  that  the  energy 
effectiveness  of  photosynthesis  in  the  cells  of  a  synchronous 
Chloral  In  culture  at  nearly  compensating  light  intensities, 
obtained  as  a  result  of  irradiating  nutosporcs  for  1-3  hours, 
is  markedly  less  effective  tha.i  for  nutosporcs  or  cells  at 
a  later  stage  in  development. 

Tho  certainty  of  a  drop  in  G  measured  during  the  first 
hours  of  illuminating  the  cells  does  not  by  any  means  imply 
a  certainty  in  the  drop  of  initial  energy  efficiency  of  photo¬ 
synthesis.  This  may  be  explained  by  the  fact  that,  as  seen 
from  formula  (.1),  a  low  value  of  G.  might  be  brought  about  by 
a  decrease  in  t  g  <yCj ,  i.c.  a  slope  in  the  heating  curve  at 
light  saturation  intensities.  This  might  have  taken  place 
when  the  suspension  faded  al  the  given  3ight  intensities, 
and  the  slope  xs  lower  the  smaller  the  absorption  coefficient. 
A  second  sor5.es  of  controlled  experiments  wore  run  to  dice!; 
out  this  possi.bi  1  i ty •  Using  an  SF-10  spec trophu  h.  -e  L  or ,  the 
transm.it  Lance  of  the  suspe.  sion  was  measured  after  tho  cells 
were  irradiated,  with  saturat5.on  intensities  for  the  same  time 
as  in  the  origl  tin.’  experiments.  Moreover,  the  kinetics 
of  temperature  change  in  the  suspension  illuminated  with 
constant  3  ::  ght  in  ten. si.  ty  was  studied  in  the  same  calorimeter 
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produco  substantial  changes  in  t?.e  absorption  coefficient. 

It  may  be  thought  that  changes  in  the  absorption  co¬ 
efficient,  if  they  take  placo,  arise  practically  spontaneous¬ 
ly  after  variations  in  light  intensity  and  therefore  are  not 
caught  by  the  methods  which  were  utilized.  This  possibility 
has  been  disproven  by  measurements  made  on  a  differential 
spectrophotometer  0.2) e  The  rapid  roversible  changes  ob¬ 
served  in  the  absorption  coefficient  never  exceed  1/'.  Con¬ 
sequently,  variation  in  £  should  not  be  regarded  as  tho  re¬ 
sult  of  coll  fading  when  irradiated  in  the  colorimeter. 

As  has  been  said,  measurements  of  £  in  the  tests  under 
consideration  were  made  at  low  light  intensities  (200-1700 
crg/cri^/soc) ,  which  are  close  to  compensating  intensities 
(according  to  measurements  mado  in  an  ampcromotric  device 
(13)  with  a  vessel  similar  to  the  one  used  in  the  photocalo- 
rimetor,  compensation  taking  place  at  1200  erg/cm^/scc . ) • 

A  second,  series  of  tests  was  then  run  using  a  suspension  of 
algae  at  higher  light  intensities,  succeeded  compensation 
intensities,  in  the  range  of  from  1700-3000  erg/cu^/occ . 

Out  of  the  seven  tests  using  suspensions  with  an  average 
value  of  £  a  15/5 1  only  in  two  did  one  observe  a  slight  drop 
in  the  order  of  5-^  and  merely  in  two  out  of  19  control  tests 
with  an  inactive  liquid  was  a  drop  observed.  These  tests 
consequently  showed  that  at  the  intensities  of  light  measured 
which  exceed  the  compensation  values,  the  energy  efficiency 
does  not  significantly  depend  on  the  stage  of  development  of 
the  cells ,  and  in  any  case  the  cells  were  exposed  for  the 
first  six  hours.  Particularly,  a  reduction  (drop!  in  £ 
was  not  observed  as  a  result  of  irradiating  the  autosporco. 

consideration  or  results 

A  reduction  in  energy  efficiency  £,  in  young  Ohio- 
rella  cells  in  comparison  with  £.  in  autosporcs  was  observed 
by  un  only  at  low  light  intensities  which  lio  in  the  samo 
order  ns  those  of  photosynthetic  compensation  by  respira¬ 
tion  . 


In  this  area  of  intensities  the  effect  of  light  on 
respiration  nay  be  especially  noticeable,  which  is  con¬ 
firmed  by  the  existence  of  the  Kok  effect  (l(l,  15)  and  cx- 
peri. meats  on  oxygen  absorption  in  light  (6,  17).  It  in 
therefore  only  natural  to  assume  that  the  drop  in  C,  in  the 
field  of  low  light  intensities  is  also  caused  by  the  change 
in  respiration  in  light. 
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Of  particular  interest  in  this  connection  ore  the 
results  of  Sorokin  and  1'ycrs  (.18))  froin  which  one  may  con¬ 
clude  that  the-  respiration  increaso  in  light  nay  jc  greater 
in  young  cells  of  thermophilic  Clilorclla*  strains  than  in 
the  older  ones. 

At  rather  high  light  intensities  the  dependence  of 
respiration  or.  light  intensity  may  possibly  be  les3  drastic, 
and  this  might  explain  the  independence  of  £  on  the  stage 
in  this  field  of  light  intensity. 

In  the  general  c arc  it  should  bo  expected  that  the 
form  of  photosynthesis  light  curio  way  vary  with  a  change 
in  the  developmental  stage.  Such  a  deformation  of  the  light 
curve  may  be  produced  by  a  non-uniform  variation  in  the 
effectiveness  of  photochemical  and  enzymatic  reactions  of 
photosynthesis.  In  particular,  as  special  measurements 
which  v;e  made  on  an  infrared  gas  analyzer  have  s hour. ,  the 
sharpest  changes  in  the  intensity  of  photosynthesis  at 
light  saturation  intensities  were  discovered  at  a  late 
stage  in  development,  specifically  during  the  period  of 
nutosporc  formation.  At  this  stage  (approx*  10-11  hours) 
the  intensity  of  COg  absorption  was  at  a  minimum. ,  at  the 
same  time  as  £  was  at  its  maximum* 

On  the  other  Hand,  it  should  be  emphasized  that  the 
data  •..•ill eh  we  obtained  on  the  course  of  energy  efficiency 
did  not,  generally  speaking,  necessarily  have  to  coincide: 
with  Die  corresponding  data  for  quantum  yield,  as  the  degree 
of  connectedness  between  Die  gas  exchange  and  energy  meta¬ 
bolism  processes  may  also  depend  upon  the  developmental 
phase.  The  data  obtained  on  energy  efficiency  have  a  direct 
relation  to  the  problem,  determining  the  maximum  energy 
production  of  photosynthesis.  They  show  that  at  low  light 
intensities  Die  value  £  measured  may  depend  upon  the  stage 
of  cell  develoj ment  and,  consequently,  in  Die  ease  of 
working  ••'-'  t h  a  r.on-oynchroneus  culture  may  also  depend  upon 
the  distribution  cr  col  Is  according  to  phase  ( ‘i )  .  According 
to  our  data,  at  rather  low  light  intensities,  the  measured 
value  of  c.  was  larger  in  autosporcs  than  in  cells  during  the 
fed1  g  stage  of  development,  i.e.  those  that  were  illumin¬ 

ated  1--3  hours.  It  is  possible)  tuat  this  nicy  partially 
c:.dei-<  the  well-known  method  of  preparing  plants  for  the 
r  •••i.svrc  i.icu  t  of  qua  n  tv:.*,  yield  by  lidding  them  in  Die  dark 
for  n  prolonged  period  before  testing.  A  consider able 
1 1  •  -  e  r  ■  - 1 .  ■ ;  ion  of  Die  cells  of  algco  prepared  in  this  manner 
•••'■•.:'  d  l  -  sync nro) il r.cd  and  a  larger  part  of  the  cells 
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nay  bo  in  the  nutosporc  phaso.  If  the  measurement  of  C 
would  be  taken  at  somewhat  higher  light  intensities,  such  a 
preparation  nay  be  super f  luov.s ,  because  G  under  these  cir¬ 
cumstances  does  not  depend  upon  the  stage  of  development 
according  to  the  results  which  we  obtained. 

We  note  in  conclusion  that  the  regularities  which  we 
observed  in  the  change  of  '  G  at  varying  cell  developmental 
phases  can  hardly  be  regarded  ns  universal.  A  variation 
in  the  energy  exchange  of  the  cells  at  different  develop¬ 
mental  stages  may  be  determined,  by  peculiarities  of  the 
plant  species,  the  conditions  in  which  they  are  cultivated, 

i.c.  their  prehistory  and  possibly  even  by  the  handling  of 
the  plants  while  preparing  them  for  measurement  (.11,  19)  • 

CONCLUSIONS 

1.  The  energy  efficiency  of  photosynthesis  (£,)  was 
measured  in  a  photocalor i me ter  os  a  function  of  coll 
developmental  phase  in  a  synchronous  Chlorella  culture. 

2 a  A  number  of  maxima  and  minima  of  £  were  discovered 
at  light  intensities  below  the  compensating  point.  Ahc 
minimum  of  G  was  especially  clearly  pronounced  in  1-3  hour 
old  cells.  At  light  intensities  somewhat  higher  than  the 
compensating  point, this  drop  was  not  observed. 

3<>  It  is  assumed  by  comparing  the  data  obtained  with 
the  literature  that  the  drop  in  £  observed  in  young  cells 
at  oubcompensating  intensities  is  caused  by  influence  of 
light  on  energy  degradation  processes  (photo-induced  ego- 
thermic  reactions). 

h .  The  relatively  high  value  of  G  in  autosporcs 
as  compared  with  the  value  of  G  in  cells  illuminated  lor 
1-3  hours  may  explain  the  widespread  process  of  preparing 
algae  for  quantum  yield  measurements. 


BIULIOGRAI’irC 

1.  Tamiya  ,  Iwamuro  T.,  Shibata  K.  ,  Hasc  F. .  ,  Nihai  T. 

B.ioclii  p  ct  b  j  op:  iy .  a.  ct.  a,  3  2,  23,  1 9  5  2  • 

2.  Nihei  T.  ,  Susa  T.  ,  Miyachi  S.  ,  Suzak.i  K.  ,  Tamiya  H. 

Arch.  MikroMol.,  21,  156,  3. 9  5  • 

3.  Sorokin  C.  I'hysiol.  i'lantarum,  10,  639,  1957. 
h .  Lorenzon  I!.  Flora,  iTTy ,  3 &2,  1959« 

5.  Sorokin  C.,  Krause  B.  Bl.ochim.  ct  biopbyc.  acta,  ^3, 

31  ,  1931. 

6.  Dell,  L.N.  In  the  collection  Diokh  i  ml  ya _ i _ bj^of  ijzi  lea 

fotosintc/.a  (Biochemistry  and  Biophysics  of  1  not  osynthosis ) 


10 


7. 
o  • 

s. 

10. 

11. 

*»  o 
J-  ~  • 

15. 

•A.  • 

16 . 

17. 

10. 

19. 


Dell,  A.X.,  Xerinova  ,  G.L.,  7  :i.  v.  I  o  1  .  rant cn  1  y  dl 


i’r.yr.lo.'.o;-,-;  o,  l6l  s  J9$I. 

S;!0::tori'V  ,  II . 5  .  ,  Lir. *  !;o va. ,  Ye .  A .  Dj 

O  v  *  -  —  n'r.i  CMj*  O ..  -J  J  1  CTiCCO  L'l  4_j„  4  )  ^ 

2  c.-.r,  -,e  ,  L.  ,  Dc- ruse  it ,  M.l.  ,  Calvin 

‘y-O  ,  'A.  '  ■ 1  --  ,  ^  !  i  >• 

i-.. '.•:?*  A. A.,  I 

4^  V‘  1  ^  • 

r>  '..crov  C  .  S  .  ,  SicAocIrhayc.  G .  A .  ,  Nichiyorovich  A. A. 

on  Micro-.'.  -.  o  ..r.J  3''l:o  ccnYjsthotic.  Dc.ciori  a  ,  Univ. 


i960. 


> i : i.A?:  s ssn  (Reports 
Mi  7,  ‘MM  ,  196 
M.  D o  c ; :  i .  c 


ci  bloyl.ys .  acta,  82, 


1  -•  X  ^  M  1 


lei  A ,  L sus::  (Reports  or  the  /.cac’cny  of 
bed  oncer-  IMS;:;  «  10? ,  >29 ,  105  J. 

G.-.Lrhina  ,  G.S.,  9  ell,  1,3.'.,  3Mhinn ,  G  .  S  .  ,  •d.'if.M 
ri: d’lc'.nt  I’hyrio  !  oyy )  {  1  > ,  1966. 

1.0.'-.,  0.  I>.’.-.Jy..:oio  yin  1  1>,  1,  1 9  6 6  ;  S  y r.:;  :o  ."  ■  M  0  .  !  '  r ■  1  l  .1  . 

Mo  1  .  ,  5  ,  211,  1 9  5  1 . 

Dei;.  ,  1.1’.,  Xeriuova,  G.D.,  Dohl .  AX  SSSD  (Ucyorts  of 
the  Acudc.v.y  of  Sciences  U35T;)  ,  157,  1221,  3.960. 
VefcIcrcsCiiwleayr. ,  I’.P.,  Grishina  ,  G.S.,  r  j.  y.  j.  o .  r  o.  .-■  ton  Ay 
( Plant  Physiology),  7,  >05,  1965. 

loch ,  G,  ,  Ov.'eno  ,  0.,  II  oh.  1 .  Arch.  Biocherr. .  anc’.  Dioyhyo., 
101,  3.71,  1SC5.  “ 

Seroltin,  C.  ,  lycra,  J.J.  Gen.  Physiol.,  40,  579,  1957. 
Soro.’cin,  C.,  Arch..  Xihroniol.  ,  -';o,  29,  1963. 

Sa'jsii t ted  to  Editor 
18  July  1966 


Cr  TO 


